course of the disease. In a late follow-up of patients originally described by Stargardt, Rosehr (I 954) observed loss of the choroidal vessels underlying the macula and some mild narrowing of the retinal vessels in the macular region. A striking feature of the course of this disease was the manner in which the visual acuity dropped dramatically while the macula continued to appear nearly normal. Then the visual acuity tended to remain stable at the 20/200 to 20/400 level while the observable fundus lesion progressed to "catch up" with the functional loss.
Several recent papers (Francois and De Rouck, I965; Klien and Krill, I967; Francois and De Laey, I969; ifytche, Blach and Bird, 1970; Merin and Auerbach, 1970) have indicated that fluorescein angiographic or retinal function studies demonstrate that Stargardt's disease is not limited to the macula. Stargardt realized this. Besides drawing and describing the soft yellow-white spots outside the macula, he stated: ". . . Earlier I believed that the process was limited to the macula and ended when this was destroyed. That may indeed be the case in some patients. Family 'S', however, shows that the disease also affects other parts of the fundus. In two members of this family, not only the region around the macula but also the periphery was affected ... I would like to believe that these soft white spots are a sign that the process has already proceeded out from the macula into the surrounding region ... ."* He described pigment change further in the periphery and at least one patient with abnormal dark adaptation.
We had the privilege of studying a patient Who had been examined I8 years previously by the father of one of us (ARI) and 23 years previously by a prominent ophthalmologist in Philadelphia. Their records describe a progression compatible with Stargardt's disease. At the time we saw the patient, the fundus appearance bore similarities to central choroidal sclerosis. Stargardt's own patients showed such appearances in the late stages. The two diseases can be distinguished by their clinical course. In early Stargardt's disease there is marked loss of acuity with only minimal pigment granularity in the macula. In contrast, in central choroidal sclerosis, visible areas of marked atrophy precede loss of Snellen acuity (Ashton, I953; Sorsby and Crick, I953; Sorsby and Davey, 1955; Howard and Wolf, I964) . In addition, the typical soft white flavimaculatus flecks were present in this patient and they are seen only in Stargardt's disease and not in central choroidal sclerosis.
Fluorescein angiography documented a loss of the choriocapillaris in the macular lesion in our patient (Case 4). This finding led to a study of fluorescein angiography in the various stages of Stargardt's disease, and to an attempt to understand the relation of Stargardt's disease to the other hereditary macular degenerations which can give an identical ophthalmoscopic appearance in the end stages.
We studied four patients who represented different stages of progression of Stargardt's disease. Fluorescein angiography was performed using a Zeiss fundus camera with a Baird Atomic number 4 excitor and number 5 barrier filter. 5 ml. of I0 per cent. fluorescein were injected into the antecubital vein. Electroretinographic (ERG) testing was done under simple scotopic conditions with a pen-type tracer which was capable of measuring only the distance from the trough of the A-wave to the peak of the B-wave. B-wave dark adaptation was not measured. Dark adaptation was performed with a Goldmann Weekers adaptometer, testing a single point I5°f rom fixation. Results were read merely for the presence or absence of both cone and rod portions of the curve and the final level of adaptation achieved. Electro-oculography (EOG) was done according to the method of Arden and Kelsey (I962).
Case reports
Case I, a xo-year-old girl, was first noted to have poor vision 2 months before we saw her. She was examined because of the disease of her older brother (Case 2). Both parents have normal vision and a younger brother aged 3 years has no obvious abnormalities.
Vision was 20/40 in the right eye and 20/60 in the left, neither of which could be improved by refraction. Colour vision on the Hardy-Rand-Ritter (H-R-R) plates was normal. Dark adaptation gave a normal biphasic curve of over 4 log units. The EOG was within normal limits with light:dark ratio of 2:i. The ERG revealed a normal B-wave amplitude. Fundus examination revealed deep, soft, yellow-white flecks distributed in a circular pattern about the posterior pole. The distribution and appearance of these flecks were remarkably similar to those in Stargardt's original drawing of Paul H. (Rosehr, 1954) . The macula could have been quickly passed over as normal; however, search revealed some slight granularity. Fluorescein angiography showed striking transmission of dye from the choriocapillaris in the region of the white flecks, but no transmission in the macula or loss of choriocapillaris (Fig. i, overleaf) .
Case 2, a x2-year-old boy, the brother of Case i, first noted visual loss about 2 years ago, and his vision declined steadily to its present level of 20/200 in each eye and could not be improved with refraction. The H-R-R plates revealed only a mild red-green defect. He missed three of the screening and only one of the diagnostic red-green plates. Dark adaptation gave a normal biphasic response of over 4 log units. The EOG was judged unreliable due to poor cooperation. Fundus examination revealed a ring of white flecks around each posterior pole identical to that seen in his sister. In the macula, however, there was marked pigment atrophy and clumping. Fluorescein angiography showed patchy transmission in the macula, but no loss of choriocapillaris.
Case 3, an Army cook, was first seen by one of us (FLW) 7 years earlier (I963) when he was 23 years old. At that time his vision could be corrected to 20/40 in each eye. Fundus examination revealed "mild depigmentation of the pigment epithelium in the posterior pole in each eye with granular macular change". Vision deteriorated progressively and symmetrically so that by October, 1970, it was 20/200 in each eye. Fundus examination at this time revealed severe pigment atrophy and clumping in the macular region of both eyes. In addition multiple deep white flecks, elongated and with soft borders, were visible. In the left eye these were distributed along a line parallel to the superotemporal retinal vessels, and thus appeared strikingly similar to the first drawing in Stargardt's original article (I909). Fluorescein angiography revealed patchy transmission in the macula and also in the area around the white flecks. Most of the flecks themselves did not appear to transmit dye (Fig. 2, overleaf) . No areas of loss of choriocapillaris were found. The EOG was within normal limits. The patient said he believed the vision of his parents and younger sister was good.
Case 4, a professor of mathematics, was first reported to have visual difficulty in I 947 at the age of 22 years, when he failed a vision test while in the army. He was admitted to Valley Forge Hospital and evaluated by the ophthalmology service. At that time macular changes could not have been obvious as, according to the patient, some of his doctors thought he was malingering, while others recommended pneumo-encephalography. He believes that his vision was about 20/60 at that time.
He had no photophobia, but he sensed that dark glasses improved his vision. The official records have not been available to us. The next year, because his vision was deteriorating, he sought medical help from an ophthalmologist in Philadelphia whose records indicate a visual acuity of 6/40 and a 50 central scotoma in each eye. "Examination revealed an atrophic area in the macula characterized by very fine pigment disturbance." A diagnosis of heredomacular degeneration was made.
In 1953, at age 28, he was seen by an ophthalmologist in Los Angeles who found that the best visual acuity was 20/200 in both eyes. Dilated fundus examination, including the use of a Hruby lens, revealed "faint pigmented salt and pepper mottling" in the macula in each eye and some temporal disc pallor. Despite his large central scotomas, he was able to make out colours. On the H-R-R plates the colours all appeared faded and he tried so hard that he twice wanted to point out a figure on a part of the plate where there was none, but he only actually missed one figure on a single screening redgreen plate. Dark adaptation gave a normal biphasic response of over 4 log units and the EOG Fluorescein angiography revealed absence of the choriocapillaris in the macular lesion. There was transmission of dye in areas adjacent to the yellow-white flecks but not through the specks themselves (Fig. 3, opposite Klien, I950) . Only two reported cases have had early onset of visual difficulty (Paufique and Hervouet, I963; Vail and Shoch, I965) . One of these is suspect because of dominant inheritance (Vail and Shoch, I965) , and the other because the patient at age 35 exhibited such severe diffuse retinal degeneration that visual acuity was reduced to perception of light in both eyes. The only reference to the choriocapillaris in either of these cases is the comment that "Bruch's membrane seems to be intact, but the choriocapillaris cannot be recognized with any degree of certainty" (Vail and Shoch, i965) .
Fluorescein angiography provides a sensitive method for studying circulation in areas of pigment epithelial atrophy. Fluorescein studies in earlier stages of Stargardt's disease have been reported by several authors (Klien and Krill,I967; Fran9ois and De Laey, I969; ifytche and others,I970). Defects in the pigment epithelium throughout the posterior pole are made evident by fluorescein before they are visible ophthalmoscopically, i.e. while ophthalmoscopic findings are equivocal or limited to the macula. In Cases 2 and 3, the areas of pigment epithelial atrophy in the macula fluoresce immediately and diffusely in the early choroidal phase of angiography, demonstrating that the choriocapillaris was intact. In Case 4, however, representing the late stage of the disease, there was dramatic loss of the chorio-capillaris in the macular region. When this paper was first presented, we were unaware of the monumental work of Deutman (I970) , and felt that this was the first fluorescein demonstration of loss of the choriocapillaris in Stargardt's disease. It appears, however, that our studies confirm Deutman's finding. Sorsby and Davey, I955; McCulloch, I969). We believe that it is more likely that the atrophy of the choriocapillaris in the late stage of Stargardt's disease is a secondary phenomenon, a result of the long-standing loss of function and metabolic demand in the overlying retina and pigment epithelium. Precedent for such a concept of secondary atrophy of the choriocapillaris can be found in retinitis pigmentosa. This is a disease in which histological study indicates that the primary lesion is a degeneration of the photoreceptors (Cogan, I950) . In fluorescein studies of retinitis pigmentosa, however, Hyvarinen, Maumenee, Kelley, and Cantollino (I97I) have demonstrated patchy areas of loss of the choriocapillaris in advanced cases. Studies of earlier cases (Berson, Gouras, and Gunkel, I968) have failed to reveal any such choroidal abnormalities. This is identical to our findings in Stargardt's disease. A concept of secondary or "disuse" atrophy of the choriocapillaris would help explain why so many of the different hereditary macular degenerations can give an identical end-stage picture.
Blodi (1968) suggested that the best way to classify the hereditary macular degenerations was according to the histological area primarily involved. One could thus hope to separate diseases which at some time in the future may be attributed to specific enzymatic deficiencies. Starting anteriorly, we would modify Blodi's classification only slightly and propose the following categories: (I) The progressive cone degenerations mainly affecting the photoreceptors (Berson and others, I968; Steinmetz, Ogle, and Rucker, I956); (2) Stargardt As one moves posteriorly in this progression, fundus abnormalities become apparent at an increasingly earlier stage of visual loss. Lesions in the deep pigment epithelium, Bruch's membrane, or choriocapillaris are visible, and when they are primary, fundus changes precede or parallel visual loss. Changes in the neuroepithelium are not visible ophthalmoscopically, and hence, when they are primary, there are no ophthalmoscopic lesions until secondary changes in deeper layers occur. It is the existence of these secondary changes which accounts for the fact that all the macular degenerations can look similar in their late stages. One must thus know the early course of the disease to make the correct diagnosis. Electro-and psycho-physiological evidence also supports the placing of Stargardt's disease anatomically between the cone degenerations and Best's disease. In the cone degenerations, there are early severe abnormalities in colour vision, the photopic ERG, and the cone portion of the dark-adaptation curve. In Best's disease, the EOG is *The recent finding by Merin and Landau (I970) of fundus flavimaculatus Type I and Type II (i.e. fundus flavimaculatus without and with macular disease respectively) in the same family suggests that these may represent not separate diseases btit different degrees of gene penetrance or perhaps a heterozygous and homozygous state. primaril, involved. Stargardt's falls between these two diseases, with more subtle and less indiscriminate involvement of all these parameters. It thus seems most suitable to consider Stargardt's a disease of the "photoreceptor-pigment epithelial complex", emphasizing the intimate anatomical and metabolic interrelations joining these two elements.
Summary
A review of Stargardt's original papers shows that the macular degeneration he described is identical to what has recently been called fundus flavimaculatus with atrophic macular degeneration. We favour retention of the eponym "Stargardt's disease" because it directs a reader back to Stargardt's original thorough and definitive work. Fluorescein angiographic studies of the various stages of the disease reveal no choriocapillary abnormality until years after the loss of macular function, at which time the choriocapillaris can disappear entirely from the macular region. We suggest that this represents a secondary, or "disuse", atrophy of the choriocapillaris. Secondary atrophy of the underlying nourishing layers may explain the similarity in the end-stage appearance of all the hereditary macular degenerations. The full course of the disease and the interval between loss of visual acuity and the appearance of such obvious macular pathology must be known if one is to classify a hereditary macular degeneration. 
